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Depletion of ewons (€ Fnikid)
(Me et al., 1975)
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Small Comets Hypothesis

Frank, L.A. et al., On the
influx of small comets into

the Earth's upper atmosphere,
I observation,
IT interpretation,

Geophysical

GRL, Vol.13 No.4, 1986. Research

Letters

b/

20 small comets (~20 ton) collides
with the Earth every minutes




Immediate Controversy in GRL

Donahue, T.M., Comment on the paper "On the influx

of small comets into the Earth's upper atmosphere IT,

Interpretation” by Frank et al., GRL, 13, 555, 1986.
McKay, C.P., Comments, GRL, 13, 976, 1986.

Hanson, W.B., Comments, GRL, 13, 981, 1986.

Chubb, T.A., Comments on the paper "On the influx of

small comets into the Earth's upper atmosphere I.
Observations”, GRL, 13, 1075, 1986.

Morris, D.E., Comment on "On the influx of small
comets into the Earth's upper atmosphere II,
Interpretation, GRL, 13, 1482, 1986.

Davis, P.M., Comment on the letter "On the influx of
small comets into the Earth's upper atmosphere IT,
Interpretation”, GRL, 13, 1181, 1986.

Nakamura, Y. et al., Comment on the letter "On the
influx of small comets into the Earth's upper

atmosphere IT, Interpretation”, GRL, 13, 1184, 1986.

Soter, S., Comment on the paper "On the influx of
small comets into the Earth's upper atmosphere”,
GRL, 14, 162, 1987.

Cragin, B.L. et al. Comment on the papers "On the
influx of small comets into the Earth's upper
atmosphere I. Observations and II.
Interpretations”, GRL, 14,573, 1987.

Frank, L.A. et al. Reply, GRL, 13, 559, 1986.

Frank, L.A. et al. Reply, GRL, 13, 979, 1986.
Frank, L.A. et al. Reply, GRL, 13, 985, 1986.
Frank, L.A. et al. Reply, GRL, 13, 1079, 1986.

Frank, L.A. et al. Reply to Morris, GRL, 13,
1484, 1986.

Frank, L.A. et al. Reply to Davis and
Nakamura et al., GRL, 13, 1186, 1986.

Frank, L.A. et al. Reply to Soter, GRL, 14,
164, 1987.

Frank, L.A. et al. Reply to Cragin et al., GRL,
14,577, 1987.
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Comet vaporization

(~53O km) Cloud 30 miles diameter
330 miles - ("'50 km)

Tonosphere

Dispersal of water vapor by winds

(~9.7 km)
6 miles “

Condensation of water vapor into Earth's oceans

Frank, L.A., "Small comets and our origins”, 16
annual presidential lecture, Univ. Towa, 1999.




20 ton water = ~100 sec burn of H-ITA

20 comets/minutes = ~20 comets/day info GEONET

A linear electron depletion on 19 Jan. 2006 in NA
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V- g Japanese GPS stations can see Korean sky ...
GPS sat. e @

~270 km

Sub-TIonospheric Point (SIP)
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Observed
Sat.10+24+29

It flew over the
Aomori-Akita border

Snapshots
5.5-20.0
minutes




1l Y © i 2
TR RS o R g b L



2nd stage of f at 6:30 Inferred trajectory of

(ballistic trajectory after that) T0€P0d0n9-2
(@)  Electron Density (10'"/m3) (b) . ;
6 2 4 500 - < 7.9 km/sec
o (1st astron I'Tical vel
€
= — 10
(]
400 - O 600 - ~
€ 3 E E - 8
= T B 9
) ] N
5 = % = Lo
:?:J 8 @ 8 L}
s S 300 kZ = >
200 T = 4G
I \,4) ) O
I (D) Y
! %D >
: 2 2
)
(=
(@)
oOt——7"—T——T "1 0- L S — 0

Time after launch (minute) Time after launch (minute)

Is"'sTage jettison at 2:40 Constant elevation change
(no air drag after that) Constant increase of acceleration



40°

35¢°

120°

45°

11:36:00 JST
6 minutes after the launch

50 -15 -05 -0.2 1.0
Deviation

3.0

5.0

7.0



LRHRFEMEHIR
. el gld



€
F
53
2
Y
1t

Tonosphere .
~ e - I,;An‘rhr'opogemc decay
dn(e )
g7 = Pefrrnle )+ f(z,0)

& (< A HAR

7K & 5 i/a?er' molecule
% S %

2 £ s 2 XN

y  Kg F ¢

5 }ﬁ ;gi 5

V]



REB LI BUN S

N RN
RN oL Kb~ NN EE O - KRB OINR
HINECURNT R’

(N)GTEHBTY NFHINY KO H Eow ForDL's
MM~ 50 N -CRERCH G b 2B KN
Wb B T DRF AN Y IE WP (W) EFBVINWY
SUR BTN’

(W) DRFLAN] T RN NXX—~E @ N4
N FUFPNNE K Pr3” BRE[JWA G HEH
F oK oUW N0’ NOoor Y BB a0
S REBEX R oo Y o ~ @Ry
NAVZE V- §-< S CJe- 2o FTTNR= LU L R VE (INPO N &

o DRBLAN QY HHULILT T N KSR
ANTIN e 3 LR Sivdmt b S GV R R RN VA
HO AN N0°

HR REFTCRFTH AR 2UeH Bab v F o T e
HIRMAE PRSI NRG ~H @O IR+ K=
N TEH TR ALE My @ TR L2 u60° woL
ROK WK oW ~ @R YR v+ REYLT VR~
W KO AN TN’



14 m

Comparison of their size

B3 m
30 m

Weight ratio
(14 /313 ~9 %

Taepodong-2
st : o
=

efeissid DR

Bupies  Q\\SNH\IERE

a3eys puodss BN

H-ITA

J——
|

BBRHBRERS Y
nnnnnnnnnnnn

vaus WN=\7eIOFE



http://upload.wikimedia.org/wikipedia/commons/d/d8/Taepodong-2_scheme.jpg
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Fuel of Taepodong is hydrazine
(Dimethylhydrazine + nitric acid)

(H-IIA : Liquid H, and O,)

2N,C,Hg + 22HNO, = 13N,0; + 4CO, + 19H,0
("'230/0)
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F
H-ITA thrust (F) %ﬁé S gxISPxM x N,

1s* stage (LE-7A) ~1,073 kN

Specific impulse (ISP) tk i 2
~429 sec.

# of molecule in the exhaust (15 stage):
8.5 x 10%7 H.O/second

# of molecule in the exhaust (2"¢ stage):
1.7 x 1026 H.0O/second (2% of H-ITA)
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The second engine stopped ~6.5 min. after the launch
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Taepodong-1and -2

TAEPODONG-2

2009 Apr. 5

02:30 UT
1998 Aug. 31
03:07 UT \EPDDDI\IGJ

Figure from Wikipedia


http://upload.wikimedia.org/wikipedia/commons/0/0b/RODONG,_TAEPODONG1&2.PNG
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Taepodong-1and 2 20 minu’res later
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